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Association of tumour mutational burden with outcomes
in patients with advanced solid tumours treated with
pembrolizumab: prospective biomarker analysis of the
multicohort, open-label, phase 2 KEYNOTE-158 study

Aurélien Marabelle, Marwan Fakih, Juanita Lopez, Manisha Shah, Ronnie Shapira-Frommer, Kazuhiko Nakagawa, Hyun Cheol Chung,
Hedy L Kindler, Jose A Lopez-Martin, Wilson H Miller Jr, Antoine Italiano, Steven Kao, Sarina A Piha-Paul, Jean-Pierre Delord, Robert R McWilliams,
David A Fabrizio, Deepti Aurora-Garg, Lei Xu, Fan Jin, Kevin Norwood, Yung-Jue Bang
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Keynote-158: multi-cohort, open-label, non-randomised, phase 2 study
Ad-hoc: tTMB-high (2 10 mut/mgb) vs. low ( < 10 mut/mgb) assessed by FoundationOne CDX assay

Primary endpoint: ORR
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Liquid biopsy

Foundation One Liquid CDX
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Discuss with your doctor which test
is recommended for your cancer

I

cluster

Ignatiadis M et al. Nat Rev Clin Oncol. 2021
https://chugai-pharm.jp/pr/npr/f1/f1l/index/

€re are erent tests av; e for patients wi erent types of cancer.

All solid tumours Blood cancers and sarcomas
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Surveillance for

micrometastatic
disease

Blood draw contains
diverse tumour cells
and products shed
from multiple
tumour sites

QO\/

Treatment selection and
response monitoring in
patients with metastatic
disease
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Biomarker Findings Report Highlights
Blood Tumor Mutatlonal Burden - 25 Muts/Mb
Microsatellite status - MSI-High Not Detected
Tumeor Fractlon - Elevated Tumor Fraction

® Targeted therapies with NCCN categorles of evidence in this
tumor type: Pembrolizumab (p. 10)

® Evidence-matched clinical trial optlons based on this patient's

Genomic Findings genomic findings: (p. 14)
For a complete list of the genes assayed, please refer to the Appendix.
PTENV158fs*22
7/ FOLINDATIONONE®L IQUID CDy O e o
THERAPIES WITH CLINICAL RELEVANCE | THERAPIES WITH CLINICAL RELEVANCE
BIOMARKER FINDINGS (IN PATIENT'S TUMOR TYPE) (IN OTHER TUMOR TYPE)
Blood Tumor Mutational Burden - Pembrolizumab Cemiplimab
25 Muts/Mb . )
/ Dostarlimab Nivolumab
Nivolumab + Ipilimumab
Retifanlimab
10 Trials seep.14
B b DRAOEESC|IANAI SERVICE | (hEH| 2 (-Be 4 Z (=23 (+ Iumor rraction - Tumor fraction Is considered elevated when ctDNA levels are high h
ﬁ%%%ﬁﬁ%%?ﬁ% L\ir‘Pd'RDOFESSIONAL SERVICE) ORAFIRT 2RI, Elevated Tumor Fraction that aneuploldy can be detected. There is higher m'“““f""dew“g

genomic alterations and a lower risk of false negative results In
specimens with elevated tumor fraction; the positive percent agreement
observed between liguid and tissue for defined short varlants Is > 20% (LI
et al., 2021; AACR Abstract 2231) (see Blomarker Findings section).

VAF% HERAP WITH CLINICA RELEVANEE THERAPIES W CLINICAL RELEVANCE
N PATIEN UMOR TYPE) (INO | | R TUMOR TYPE)

PTEN - V158fs*22 25.8% None None
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tumor mutational burden (bTMB) MO&EHE
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Tissue TMB (tTMB) & blood TMB (bTMB)
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Paopulation N (%) PFS HR (95% CI)
bTMB = 4 441 (76) — 1 0.89 (0.73-1.08)
bTMB = 6 371 (64) —p—h 0.83 (0.67-1.03)
bTMB = 8 302 (52) — & — 0.79 (0.62-1.00)
bTMB = 10 251 (43) —p— 0.73 (0.56-0.95)
(/) bTMB = 12 211 (36) — % — 0.73 (0.54-0.97)
bTMB = 14 188 (32) —— 0.68 (0.50-0.92)
LL > bTMB = 18 158 (27) —— 0.65 (0.47-0.92)
D_ bTMB = 18 136 (23) — e — 0.66 (0.46-0.95)
bTMBE = 20 105 (18) L 0.61 (0.40-0.93)
bTMB = 22 84 (14) ' L 0.57 (0.35-0.91)
bTMB = 24 69 (12) L 0.54 (0.32-0.91)
bTMB = 26 54 (9) L 0.51 (0.28-0.95)
BEFP 583 (100) —— 0.87 (0.73-1.04)
ITT population 850 |—¢|—| 0.95 (0.82-1.10)
0.2 1.0 1.5
HR
Favors atezolizumab  Favors docetaxel
b
Paopulation N (%) O8S HR (95% CI)
bTMB = 4 441 (76) —&— 0.70 (0.57-0.87)
bTMB = 6 371 (64) —&%— 0.71 (0.56-0.90)
bTMB = 8 302 (52) —— 0.70 (0.54-0.91)
bTMB = 10 251 (43) — 0.69 (0.52-0.93)
(n bTMB = 12 211 (36) —— 0.68 (0.50-0.94)
bTMB = 14 188 (32) —— {J 66 (0.47-0.92)
O > bTME = 16 158 (27) ——— 64 (0.44-0.92)
bTMB = 18 136 (23) —_—— {J 61 (0.41-0.90)
bTMBE = 20 105 (18) —% 0.65 (0.41-1.03)
bTMB = 22 84 (14) L 4 0.67 (0.40-1.13)
bTMB = 24 69 (12) L 0.53 (0.30-0.94)
bTMBE = 26 54 (9) & 0.50 (0.27-0.95)
BEFP 583 (100) —dp— 0.64 (0.53-0.77)
ITT population 850 — 44— 0.73 (0.62-0.87)
0.2 1.0 1.5

Gandara DR et al.
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Favors atezolizumab  Favors docetaxel

Nat Med 2018.
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Blood First Assay Screening Trial (BFAST)

Alectinib 600 mg PO BID until PD
ALK+ pg (n = 78 planned; 87 actual)

Alectinib PO at 900, 1200
RET+ g n :gg?gz";ﬁaﬁﬁggf‘};'ai?ua,) Atezolizumab 1200 mg g3w until disease

v

progression or loss of clinical benefit
* Unresectable, stage IlIB or IV

non-small cell lung cancer
« Untreated —@) 1-1
+ ECOG PS 0-1 :

« bTMB =10 N=4722 | pjatinum-based chemotherapy q3w for 4 or 6
| cycles
"| Maintenance pemetrexed allowed for non-
Stratification factors: squamous disease

- ECOGPS (0vs1)

- Histology (squamous vs non-squamous)
- Tissue availability (yes vs no)
-  bTMB status ( 210 to <16 vs 216)

Future Other investigative agents or marketed
cohorts therapies

Real World Data Cohort

Peters S et al. Nat Med 2022.



Blood First Assay Screening Trial (BFAST)

OSin bTMB > 16:

Median 13.3 vs 10.3 month
HR (95%CI) 0.87 (0.64-1.17)
P=0.129

100 100 -
Primary endpoint INV-PFS in bTMB > 16:
80 - Median 4.5 vs 4.3 month .
) -
HR (95%Cl) 0.77 (0.59-1.00) & P
_ 60 P =0.052 ]
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P o 50
£ 40 @
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20 4 === Chemo g 25 7
(@]
0 0
6 é A é é 15 15 ﬁ- 1% ﬁ éo ﬁ 54 % :ﬁ 0 2 4 6 8
Time (months)
No. at risk No. at risk
Chemo 146 113 81 38 15 11 6 3 3 1 0 0 0 0 0

Chemo 111 97 86 67 57

Peters S et al. Nat Med 2022.
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Time (months)
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CTA bTMBZ&F1L CDx
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F1L CDx bTMB (mut/Mb)

16 mutation in CTA bTMB = 13.6 mut/Mgb in F1L CDx

Peters S et al. Nat Med 2022.
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bTMB cutoff Median PFS, mo
mut/Mb  Atezo n Chemo n PFS HR (95% CI)
) > )
S 100- PFS.II’] T™MB 13'6mUt/Mgb' 8.3 42 172 44 176 o 0.84 (0.66, 1.07)
= Median 4.9 vs 4.2 month 9 42 158 44 166 —e 0.80 (0.62, 1.03)
] . . . .62, 1.
s HR (95%CI) 0.71 (0.52-0.97)
Fd T _ 10 42 158 44 166 —— 0.80 (0.62, 1.03)
5 P =0.029
i 12 45 127 42 139 *— 0.73 (0.55, 0.97)
® 504
T 13.6 49 111 42 121 - 0.71 (0.52, 0.96)
5= —— Atezo
3 o5 —— Chemo 14 45 97 43 103 . 0.75 (0.54, 1.04)
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Time (months)
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Hazard Ratio
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NSCLC CAObTMB@MMeta-analysis

OS

bTMB-high

Gandara DR(2018)

Gandara DR{2018)

Rizvi, N. A.(2020)

Rizvi, N. A.(2020)

Herbst, R. 5.(2020)

Garassino, M. C.{2020)

Ovarall (l-squared =0.0%, p =0.795)

NOTE: Weights are from fixed effect analysis

bTMB-low

Gandara DR(2018)

Gandara DR(2018)

Rizvi, N. A.(2020)

Rizvi, N. A.{2020)

Herbst, R. §.(2020)

Garassino, M. C.{2020)

Overall (l-squared = 71.1%, p = 0.004)

NOTE: Weights are from random effect analysis

Overall

survival hazard

ratio (95% CI)

0.56 (0.31, 0.89)

0.64 (0.44, 0.92)

0.72 (0.50, 1.08)

0.49 (0.32, 0.74)

0.75(0.41, 1.35)

0.61(0.36, 1.06)
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Fig. 2 Forest plot of hazard ratios for overall surviy

IOMDOS., PFS benefitldbTMB highDEEFI DA TH V)

Experimental better

val comparing PD-1/PD-L1 inhibitors with ches

Ba H et al. BMC Cancer 2021.
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15
Control better

otherapy

PFS

ORR

Objective

Weight

6.53

16.87

888

17.27

100.00

700

21.19

Progression free survival %
BTMB-high hazard ratio (95% CI) Weight respanse rate odds
bTMB-high ratio (95% CI)
Gandara DR(2018) _— 0.57 (0.33, 0.99) 291
i 7
] 1
Gandara DR(2018) e 0.85 (0.47,0.92) 2652 Gandara DR{2018) : T} 4.38 (0.99, 19.27}
' 1
! ]
Rizvi, N. A.{2020) —1—-— 0.77 (062, 1.13) 19.86 Gandara DR(2018) . S 207 (0.62.5.20)
] T
! 1
" . N H
Rizvl, N. A.(2020) = 053 (0.34.081) 15.88 Rizvi, N. A.{2020) - 1.56 (0.74, 3.36)
] 1
Herbst, R. 5.(2020) _ 0.56 (0.3, 0.92) 11.38 .
] Rizvi, N. A.{2020) ————— 5 3.44(185,745)
] I
Wang, J.(2020) 0.30 (013, 0.67) 445 !
| Wang, J.(2020) #—) 4.04 (113, 14.41)
] |
Garassino, M. C.(2020) —_— 0.35(0.21,0.57) 12.00 |
' Garassin, M. C.(2020) ————L = 361(145,9.00)
Overall {I-squared = 33.6%, p = 0.172) <> 0.57 (0.48, 0.67) 100:00 !
! Overall (I-squared = 0.0%, p = 0.562) <> 2,69 (1.84,3.93)
NOTE: Weights are from fixed analysis : Y
] I
! . i i ]
TMBlow ! NOTE: Weights are from fixed effect analysis :
I
Gandara DR(2018) — 1.09 (0.7, 1.55) 14.07 bTMEow , !
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Trial Design

Stage 1

0 Advanced Gl cancers refractory or intolerant to standard therapy
O Tumor mutational burden-high identified by Guardant360

Cut-off

28 pts enrolled i
evaluation

O Advanced Gl cancers refractory or intolerant to standard therapy
B Esophageal cancer

0 Tumor mutational burden-high identified by Guardant360

Stage 2
4 pts enrolled

O Advanced Gl cancers refractory or intolerant to standard therapy
O Ultra tumor mutational burden-high identified by Guardant360

Exploratory

19 pts enrolled, ongoing cohort

O Advanced solid tumors refractory or intolerant to standard
therapy

O Blood tumor mutational burden-high (214) identified by F1LCDx

bTMB

~19 pts planned
s P cohort

Sample size: 70
Study design: Bayesian two-stage adaptive design
Primary endpoint: Objective response rate (ORR) by RECIST v1.1

Secondary endpoints: Progression-free survival (PFS) by RECIST v1.1, Duration of response (DoR) by RECIST v1.1, Disease control rate

(DCR) by RECIST v1.1, Overall survival (OS), Incidences of adverse events
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Expert panel consensus recommendations on the use of
circulating tumor DNA assays for patients with advanced solid
tumors

Mitsuho Imai®2® | Yoshiaki Nakamura®® | Kuniko Sunami*® | Hidenori Kage’® |
Keigo Komine® | Takafumi Koyama’® | Toraji Amano® | Daisuke Ennishi® |

Masashi Kanai'®® | Hirotsugu Kenmotsu'*® | Takahiro Maeda'? | Sachi Morita®®® |
Daisuke Sakai'* | Hideaki Bando™*® | Akitaka Makiyama®® | Tatsuya Suzuki'® |
Makoto Hirata'’ | Shinji Kohsaka'®® | Katsuya Tsuchihara” © | Yoichi Naito®®® |
Takayuki Yoshino'* ©

3.1.3 | CQ3: Should an immune checkpoint inhibitor
(IClI) be recommended for patients with a blood tumor
mutational burden (bTMB)-high solid tumor?

HA RSA (SR SNHERETNTND

=>TEF>>ALANILBor A?

Imai M et al. Cancer Sci, 2022.

Recommendation level: SR (SR: 10, R: 2, ECO: 0, NR: 0).

Overall, 10 experts voted SR and two experts voted R. Previous
studies have reported that a TME determined by oncogene panel
testing using tumor tissue correlates with that determined by whole
exon sequencing.uz& The KEYNOTE-158 study demonstrated the
efficacy of pembrolizumab in patients with TMB =10 muts/Mb as-
sessed by F1CDx.%” However, in the analysis of TMB using liquid bi-
opsy, attention should be paid to the possibility that TMB values are
higher on liquid biopsy analysis than on tumor tissue analysis due
to the detection of CH and hEtEngEﬁEit?EE and the possibility that
lower TMB values are obtained by liquid biopsy if ctDNA levels are
low.> To date, no clear cut-off for bTMB score in patients receiving
ICI has been validated. However, the efficacy of atezolizumab for
non-small-cell lung cancer with bTMEB 216 has been E.ugge':'.ted.zg
A study comparing F1CDx and F1LCDx in the same patients has
reported a high correlation with TMB in patients with a high TE®

Therefore, ICl should be considered for patients with a high TF who
are found to have high TMB.

One expert voted R because of the absence of randomized
comparative studies of ICl administered to patients with TMB-high.
Another expert voted R because of the absence of the cut-off for
TMB-high for each cancer type. Regarding tissue TMB, it has been
suggested that the cut-off for the efficacy of ICl depends on the
drug used and cancer type.3!
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CQ. Blood tumor mutational burden high (bTMB-H)®DE#:
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